Fertile White Leghorn chicken eggs were injected on the 10th day of incubation with 0, 1.50, or 2.00 p.p.m. Thimet and allowed to hatch. The following parameters were examined: hatchability, incidence of deformities, thyroid weight, thyroid histology, thyroid M5 I uptake, and brain cholinesterase activity. As the Thimet dosage was increased, the hatchability decreased, and the incidence of deformities increased. There was a significant increase in thyroid weight in the 2.00 p.p.m. Thimet injected group. The rate of ^T uptake by the thyroid in the treated groups was also significantly different. The histological picture revealed an increase in follicular resorption vacuoles in the treated groups. These results suggest that the Thimet injected chick embryos have hyperthyroid tendencies in the immediate post-hatched life. Although these effects were evident, brain cholinesterase activity was not significantly different among the groups.
O RGANOPHOSPHATE pesticides have been used increasingly as substitutes for organochlorine pesticides (Headley and Kneese, 1969; Burnside et at., 1971) . Generally, they have the advantage of being quickly metabolized and excreted (Gunther and Jeppson, 1960) . However, the anticholinesterase properties of the organophosphates make them highly lethal; investigators have concentrated their research on these properties and the consequent LD 50 values of the various organophosphates (O'Brien, 1960 (O'Brien, , 1967 .
Since organochlorine pesticides have been found to produce drastic sublethal effects among bird populations (Peakall, 1967; Hickey and Anderson, 1968) , the possibility that organophosphates produce sublethal effects other than cholinesterase poisoning has become an important concern. It has been found that certain organophosphates affect the endocrine systems of different organisms. Conney et al. (1967) have demonstrated that chlorothion inhibits steroid hormone metabolism in the liver of rats. Organophosphates also appear to affect the thyroid gland function. Some years ago Fischetti (1959) had found that rats fed subacute doses of diazinon showed a decrease in 131 I uptake by the thyroid gland. Recently Jefferies and French (1969) have demonstrated that DDT fed homing pigeon's thyroid showed an increase in weight and a decrease in colloid. However, they were not certain whether this was a hyper-or a hypothyroid condition.
The present study was undertaken to determine the sublethal effects of the organophosphate Thimet 1 on the developing chick embryo as reflected in the immediate posthatch condition of the chick. This system was chosen because dose toxicity can be characterized easily by measuring hatchability. Also, the study was directed towards the effect of the pesticide on a developing embryo. The parameters studied were the incidence of deformities, the thyroid weight, the thyroid histology, the thyroid 125 I uptake, and the brain cholinesterase activity of the second day post-hatch chick.
METHODS
Fertile White Leghorn chicken eggs were injected on the 10th day of incubation with analytical Thimet. The Thimet was mixed with peanut oil and injected in 0.0S ml. quantities into the yolk sac, through a hole punctured in the air sac end of the egg. Dosages of 1.50 and 2.00 p.p.m. weight by volume were used in this experiment. Control eggs were injected with peanut oil alone. Chicks that hatched were removed from the incubator within 12 hours, weighed, and placed in brooders with food and water. Twenty-four hours after hatching, the chicks were injected subcutaneously in the nape of the neck with 1 |J.c. of 125 I and returned to the brooder. These chicks were sacrificed at 2, 4, 8, and 25 hours after 125 I injection. Chicks were weighed and photographed before sacrifice. The thyroid glands were removed, cleaned of all fat bodies, and placed in liquid scintillation vials. The samples were digested in Beckmann Bio-Solve MT BBS-3 for 48 hours and counted in a Unilux II liquid scintillation counter using Bray's liquid scintillation solution (Rhodes, 1965) . The results were computed on an IBM 360/50 computer as described previously (Prahlad and Hollinger, 1971) . In addition, thyroid glands of one day old chicks from another experiment in which a range of dosages from 1.00 to 2.25 p.p.m. had been injected on the tenth day of incubation, were fixed in formol-saline, sectioned in paraffin at 6|x, and stained according to the method of Himes and Moriber (1956) .
Brain cholinesterase activity was obtained using a modification of the colorimetric method of Robbins et al. (1958) . The brain tissue was removed from the skull, weighed, and homogenized in a phosphate buffer. One hundred jxl. aliquots of homogenate were incubated with 1 ml. quantities of a 0.0004M acetylcholine chloride substrate. After stopping the reaction and developing the color with ferric chloride, the optical density was read at 540 mjA. Acetylcholine concentration standards were prepared in order to obtain a plot of optical density versus txM acetylcholine remaining. The results are expressed as JAM of acetylcholine hydrolized/mg. of brain tissue/minute.
RESULTS
Hatchability and normal development were affected in the experimental groups injected with 1.50 and 2.00 p.p.m. Thimet (Table 1 ). The hatchability decreased from 89.7% in the control group to 27.5% in the 2.00 p.p.m. Thimet group. The number of deformed chicks increased from 0% in the control group to 60% in the 2.00 p.p.m. group. The most frequent deformities were curled toes and twisted spines. Figures 1-3 show the contrast between a normal chick and seriously deformed chicks from 1.75 and 2.00 p.p.m. groups. The thyroid gland weight in the 2.00 p.p.m. group was significantly greater than that in the control group (Figure 4) . Also, a factorial analysis of variance established that the thyroid 125 I uptake was significantly different in the Thimet treated groups during the 25 hour time period following 125 I injection. Figure 5 illustrates the differences in rate of uptake among the groups. The uptake levels off after approximately 8 hours in the control group, whereas the experimental groups demonstrated a continuous uptake throughout the 25 hours at the end of which time the experiment was terminated.
The histological picture reveals that the thyroid glands in the Thimet injected groups tend to have an increased number of resorption vacuoles in the follicles in comparison to the control thyroids. Figures 6  to 9 show the typical contrast between control and experimental thyroid histology.
However, there were no obvious differences in the nature of the follicle lining epithelium, between various groups.
Analysis of brain cholinesterase activity showed the following: control"645 X 10~2; 1:5 p.p.m 1-728 X 10" 2 ; 2.00 p.p.m. 1-609 X 10" 2 . However, the differences between various groups were not significant.
DISCUSSION
Thimet dosages of 2.00 p.p.m. and less do affect embryonic chick development as reflected in the immediate post-hatch condition of the chick. The reduction in hatchability and the incidence of skeletal deformities provide gross verification of this fact. Several postulates could be advanced to explain the deformities produced. One possibility is that cholinesterase poisoning with consequent muscle spasm and tension coincides with initial bone formation in this experimental procedure. Thus, the formation of curled toes would be a reflection of the muscular tension in the feet at the time the toe bones were ossifying. However, other hypotheses have been advanced. Upshall et al. (1968) have suggested that the deformities produced are the result of nutritional deficiencies, due to the failure of the embryo to receive certain esterase-metabolized products from the yolk sac. Such a contention is supported by the recent observations of Greenberg and Laham (1970) who showed that tryptophan prevents the malformation and growth retardation induced by malathion (organophosphate pesticide). In the studies reported here the Thimet injected groups showed definite increases in thyroid 126 I uptake. Increased 125 I uptake is one indication of a hyperfunctioning thyroid condition (Lupulescu and Petrovici, 1968) . In addition, the histological picture serves to confirm this tendency, for it shows some evidence of increased metabolic activity as reflected in an increase in the number of resorption vacuoles in the thyroid follicles of the Thimet injected groups. This morphological change did not appear to be extreme and there was a certain amount of variation among individual chicks. However, the thyroid follicle lining epithelium did not show the increase in height expected in a hyperfunctioning condition, but varied between squamous and cuboidal types. Also, the increase in thyroid weight found in Thimet injected groups is not indicative of hyperthyroid state. Thus, the hyperfunctioning condition does not appear to be acute for the second day post-hatch chicks administered Thimet during incubation, although the 125 I uptake study shows definite tendencies. These findings are in contrast to the report of Fischetti (1959) . Since Fischetti used rats, this inconsistency may be due to species differences.
It has been demonstrated here that the thyroid gland changes were evident in the pesticide treated individuals even after the brain cholinesterase activity in one day old chicks had returned to normal. Recently similar lack of relationship between malathion induced deformities and cholinesterase levels in chick embryos has been demonstrated (Greenberg and Laham, 1970) . Since organophosphates are potent cholinesterase inhibitors and a return to normal enzymatic activity may be interpreted as a general return to a control status (Stavinoha et al., 1969) , the results presented above illustrate the need to consider parameters other than cholinesterase activity in assessing the toxicity and effects of a pesticide such as Thimet, at least in the developing chick. 
ABSTRACT
The minimum requirement of biotin for maximum hatchability of eggs and livability of chicks was determined for broiler breeder hens maintained in individual cages. Groups of hens were fed casein-gelatin, glucose diets containing 20, 40, 60, 100, 180 and 340 u.g. biotin/kg. of diet.
The requirement was found to be approximately 100 u.g. total biotin/kg. of diet for maximum hatchability and chick livability. The concentration of biotin found in the yolk was found to be related to the dietary level. The egg biotin level, which produced maximum hatchability and livability of chicks, corresponding to the estimated minimum requirement of 100 ftg. biotin/kg. of diet was approximately 200 mug. biotin/g. of yolk. A level of 50 mug. biotin/g. of yolk, or lower, was found to produce zero hatchability. PODLTEY SCIENCE 51: 619-624, 1972 S EVERAL studies have shown the importance of biotin in reproduction, but the minimum requirement for maximum performance has not been clearly established. Cravens et al. (1942) observed a marked decrease in hatchability of eggs produced by hens fed semi-purified diets of low biotin content, but these rations had little effect on egg production. The addition of 150 [Lg. biotin/kg. to the hens diet returned hatchability to that of the pre-experimental eggs. Cravens et al. (1944) found that rations with 0-60 |xg. supplemental biotin/kg. were deficient whereas rations with 90-150 jxg. supplemental biotin/kg. were adequate in studies utilizing a sucrose-casein-gelatin diet. Couch et al. (1948) , using semipurified diets, reported that hatchability of eggs from hens fed 200 [Ag./kg. of supplemental
